The objective was to evaluate sleeping and waking states of infants <6 months old. The design of study was comparing video-recorded and actigraphic data. Participants were thirteen healthy 3-to 5-month-old infants. At their homes, subjects wore an ankle actigraph for 1 h and were videotaped simultaneously. We performed per-minute analysis of video data using the method for observing newborns developed by Brazelton. Video and actigraphic data were compared each minute. The total concordance rate was 93.5%. Sleep/wake identification by actigraphy and visual observation correspond closely for infants.
Introduction
Infants who are still immature in sleeping and wakefulness patterns run a risk of succumbing to apnea and sudden infant death syndrome (SIDS) during sleep (McIntosh, 2009; McKenna, 2007; Ball, 2006; McKenna, 2005; Gay, 2004) . For healthy infants being raised in the home, the most important way to understand the sleep state is observation by caretakers. Neither nurses nor specialized monitoring equipment are available in the home to ascertain sleep state. The sleeping-wakefulness cycle of a baby is closely related to physical and mental fatigue in the mother (Doering, 2013; Dennis, 2005; Hiscock, 2004) . If a mother can accurately understand the sleep patterns of their baby, this will help them organize time for rest and activities that need to be done. This would then be associated with reductions in maternal mental and physical fatigue.
If the accuracy of visual observation is high, mothers can have confidence in their own observations. For this reason, we decided to investigate the degree of consistency between visual observation of sleep state and objective evaluation using specialized equipment. The most reliable method of assessing sleep state would seem to be polysomnography, but this was considered too invasive for application to healthy infants, so actigraphy was used instead. The actigraph (Micro-mini RC; Ambulatory Monitoring, Ardsley, NY) is a simple, small, non-invasive device that detects and records pressure changes of ≥0.01 G. Actigraphic data, such as amount of activity, duration of sleep, and frequency of wakefulness, could show problems in infant transition to sleep and development of sleep patterns. The validity of actigraphy for adults (Morgenthaler, 2007; Rajna, 2009; Chokroverty, 2009; Stanley, 2003) and infants (So, 2005) has been accepted.
The aim of this study was to clarify correlations between actigraphy and visual observation in determining sleeping-wakefulness states in Japanese infants.
Methods

Subjects Selecting
Subjects comprised 13 healthy neonates (age range, 3 -5 months; mean height, 63.4 ± 2.8 cm; mean weight, 6872.1 ± 1041.3 g).
Instruments
In their home, each neonate wore an actigraph on the ankle for 1 h and was videotaped simultaneously. The actigraph weighed 10 g, was sensitive to 0.01 G, sampled at a rate of 16 Hz, and had a nonvolatile memory of 32 kB. Before placing the actigraph, the time on the actigraph was synchronized to the time on the video trace.
Analytical Methods
We analyzed actigraphic data using AW2 software (Gram Corporation, Japan) for automatically identifying sleep/wake states, and the discriminant analysis reported by Sadeh (1989) . While we adopt the discriminant analysis described by Cole (1992) in adult subjects, we used Sadeh's discriminant analysis in neonates to identify the light sleeping state characteristic of this age. Results were categorized into one of three states: sleeping; light sleeping; or wakefulness. We performed a per-minute analysis of video data using the method for observing neonates developed by Brazelton (1961) , which was designed to designate the state of a child as one of six categories: State 1, deep sleep; State 2, light sleep; State 3, drowsy; State 4, quiet but alert; State 5, active andalert; and State 6, crying. For comparison with actigraphic data, we defined State 1 as sleeping, State 2 as light sleeping, and States 3 -6 as wakefulness. Both video-recorded data and actigraphic data were reduced to ternary form (1 = sleep; 2 = light sleep; 3 = wakefulness).
Data were analyzed with cross-tabulation using SPSS version 15.0 software (IBM, Chicago, IL), and the agreement rate, predictive value of sleep, predictive value of wakefulness, and Spearman's rank correlation coefficient for actigraphic data and video-analysis were calculated.
Ethical Considerations
We provided an explanation of the purposes and methods of the study and obtained informed consent from mothers at a child-rearing seminar. In addition, we informed the mothers that no disadvantages would be incurred even if they declined to participate. The present study was conducted with the approval of the ethics committees of both Kawasaki University of Medical Welfare (No. 020) and the Graduate School of Health Sciences at Okayama University (No. D05-005).
Results
In total, 1186 min of video and actigraphic data were compared. A total of 78 min of sleeping state was identified by actigraphy, of which a period of 27 min was determined as the light sleeping state in video analysis. While actigraphy detected 50 min of light sleeping, 18 min of this was identified as sleeping state and 15 min as wakefulness in video analysis. Wakefulness was seen for 1058 min on actigraphic analysis, of which a period of 13 min was determined as sleeping state and 4 min as light sleeping in video analysis. The total concordance rate was 93.5% (Table 1 ). Spearman's rank coefficient between actigraphic data and video-analysis was 0.865 (p = 0). Each number indicates total epochs of data for 13 babies. Predictive value for sleep = 100 * 51/78 = 65.4%; Predictive value for light sleep = 100 * 17/50 = 34%; Predictive value for wakefulness = 100 * 1041/1058 = 98.4%; Sensitivity of actigraphy to sleep = 100 * 51/82 = 62.2%; Sensitivity of actigraphy to light sleep = 100 * 17/93 = 18.3%; Sensitivity of actigraphy to wakefulness = 100 * 1041/1056 = 98.6%; Agreement rate = 100 * (51 + 17 + 1041)/1186 = 93.5%.
Discussion
The determination of sleeping-wakefulness states by actigraphy corresponded closely with results from video observation of neonates. These findings resembled results of a study that compared actigraphy with polysomnography among infants under 6 months old and found a high (>90%) rate of agreement (Sadeh, 1989) . Mothers sometimes worry that something is wrong when their child does not sleep much, but midwives asked for advice often find nothing wrong, and it seems that mothers may experience difficulty in appropriately interpreting the sleeping states of their babies. This may be partly because the mother is holding or feeding the baby while they are sleeping, so the mother herself is unable to sleep. Keeping a sleeping diary for the baby for a couple of days may reassure the mother and help her to gain a more objective understanding of the baby's sleeping state. By becoming conscious of their baby's sleeping patterns, mothers may also find it easier to sleep. Through confirming concordance between data obtained through observation and actigraphy on sleeping and waking states, this study provides valid evidence that it is possible to understand a baby's sleeping states through observation. Stremler et al. reported that an intervention using a booklet in an approximately 45-min discussion with nurses on sleep for primiparous women and their infants in the early postpartum period had a positive effect on maternal sleep (Stremler, 2013) . Methods of guiding mothers to a healthier state through their baby's and their own sleep are currently being explored. Attaching an actigraph to the baby as an intervention to learn about sleeping states is one possible method, but keeping a sleep diary is both simpler and cheaper. Establishing a sleep diary and health guidance using the diary seems to be a good intervention for facilitating better sleep for both babies and their mothers. Although the concordance rate in the light sleeping category was relatively lower than those for sleeping and wakefulness, the overall concordance rate of 93.5% demonstrated the clinical significance of actigraphy in newborns. Data for this study were collected at home during the daytime, in order to minimize the burden placed on newborns and mothers, so the data on sleeping state used for analysis were limited. We aim to accumulate data on night-time sleeping in the future.
Conclusion
This study showed high concordance between determinations of sleeping-wakefulness by actigraphy and observation. This can provide reassurance to mothers regarding the importance of visual observation. Furthermore, evidence is shown that sleep-wakefulness state can be determined visually.
